Gases

(9) mol NH4Cl = mol NH, = 0.02500 L x 6.50 mol/L = 0.162

1 mol NH;

I NHz = 0.162moINH," X ———————
mol NHz = 0.162mol NH " x TmolNH,*

=0.162

mol NaOH = mol OH~ = 0.04500 L x 0.432 mol/L = 0.0194

1 mol NH3
1 molOH-

OH~ is limiting and 0.0194 mol of NH3 are formed

mol NH3 = 0.0194 mol OH~ x =0.0194

0.0194 mol x 0.0821L - atm/mol - K x 298 K
745 mm Hg(1 atm /760 mm Hg)

Vi, = =0.485 L

. 0.845L x 1.00atm
(h) mol NH3 bubbled into H,O = 0.0821L - atm/mol - K x 300K ~ 0.0343

M= 70'(;332 I'_"O' =7.94% 1073
() ratenss _ ( MMy, VE_ 2802\ o time, _ (MM, '?
rateN2 - MMNH3 B 17.03 T timeN2 B MMN2
 rat
() % =1.28;  rateny, = 1.28(515 m/s) = 659 m/s
N2
PROBLEMS

4qt L
1gal 1.057 gt
mass = (1.243 mol)(16.04 g/mol) = 19.94 g

1. V=10.00gal x =37.84L

74° — 32°
°C = 1783 =23°C; T(K)=273.15+23=296K
3. mm Hg atm kPa
396 0.521 52.8
874 1.15 116
728 0.959 97.1
7.50 x102 0.987 1.00 x10?
V2_I’l2_ _3.0mo|><12.1L_ —
5. V. S n np = 261 = 2.9 mol O, after leaking; (3.0 - 2.9) mol

V1_(22+273)K_ V1_ T1 _
7@ = Gasarak = 0% (6) 3. = 57 =0.500

266 K
298K

1/2
- (1%9)" <o

bar
0.528
1.16
0.971
1.00

= 0.1 mol O, lost

T
9. P,=P;yx 72 =22.7 psi x ——— =20.3 psi; gauge pressure = 20.3 psi - 14.7 psi = 5.6 psi
1
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P1V1 _Png_ 465atm><380L_P2><550L _

T, C T, 308K =~ 77k Pe=289am
PiVi _P,V, 00998atmx1.28x103L _0.753atmx Vo, _ s

T, - T, 304K = 548K ; Vo =1.38 x10°L
mass of alcohol = (120 mL)(0.789 g/mL) = 95 g; mol alcohol = (95 g)/(46.07 g/mol) = 2.1

2.1 mol x 0.0821 ;O?tr; « 373K

= . = o |

P 500L 32 atm; it explodes!
0.5112mol x 0.0821 = 2™ . 296K
mol CO, = (22.50 g)/(44.01 g/mol) = 0.5112; P = 550 Lmo' K = 4.52 atm
MM = (28.02 + 64.00) g/mol = 92.02 g/mol
P \% T n m

1.77 atm 498 L 43.1°C 0.340 mol 31349

673 mm Hg 488 mL 6.72 K 0.783 mol 721 g

0.899 bar 7.44 L 912°C 0.0679 mol 6.25¢

3.28 atm 1.15L 39°F 0.166 mol 1539
"= (1.33bar x 1 atm/1.013Lb.a;1r;< 1.00L — 0.0538 Mol

297K x 0.0821 ————
mol - K

density of Ar = (0.0538 mol/L)(39.95 g/mol) = 2.15 g/L

density of NH3; = (0.0538 mol/L)(17.02 g/mol) = 0.916 g/L

density of CoH, = (0.0538 mol/L)(26.04 g/mol) = 1.40 g/L
(770 mmHg x 1 atm/760 mm Hg)(1.00L)

@) 1= 598K x 0.0821 L -atmjmol .k - 0-0414mol

density of air = (0.0414 mol/L)(29.09 g/mol) = 1.20 g/L
(b) density of He = (0.0414 mol/L)(4.003 g/mol) = 0.166 g/L
(c) density of CO, = (0.0414 mol/L)(44.01 g/mol) = 1.82 g/L
density of CO, > density of air; balloon will not rise

_ (755mmHg x 1atm/760 mmHg)(1.00L)
(@) 1= ""598K x 0.0821 L -atm/mol .k~ 0-0406 mol

_ 171glL
~ 0.0406 mol/L

MM =42.1 g/mol
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(85.7/100)(42.1 ) -3 molH= (100.0 — 85.7/100)(42.1 g) =6: CsHe

(b) mol € =35 61 g/mol 2.016 g/mol

27. (a) MM = 0.11(44.0 g/mol) + (0.053)(28.02 g/mol) + (0.84)(4.00 g/mol) = 9.7 g/mol

7 Hg x 1atm/7 Hg)(1.00L
(b) n=" 58;)"51 Kgxxo OZZT L?gt"r:;mg)_(}(oo ) ~0.0398 Mol;  dgas = (0.0398 mol/L)(9.7 g/mol) = 0.39 g/L

() dair = (0.0398 MOI/L)(29.0 g/mol) = 1.15 g/L;  dgas/dair = (0.39 g/L)/(1.15 g/L) = 0.34

_ (769 mmHg x 1atm/760 mmHg)(0.297L) _ . _ _
29.n= 308K x 0.0821L - atm/mol - K =0.0119 mol; MM =1.58 g/0.0119 mol = 133 g/mol

133 = 2(12.01) + 3(1.008) + 3 X; X =35 =Cl

4L NH;
31.12.8L NO x 6L NO =8.53L NO
1LCILO _ 1LCILO
L 1L SO,
Cl, is limiting; 4.50 L Cl,O are produced; 9.00L Cl, x 5L CL 4,50 L SO, react
2
unreacted SO, =585L-450L=135L
35. (a) mol NyOs = (1.00 atm)(1.50L) = 0.0613

(298 K)(0.0821 L - atm/mol - K)
mol H* = 0.0613 molN2Os x 2molH*/1 molN>Os = 0.123
(b) M =0.123 mol/0.437 L = 0.281 mol/L

(12in)®  (2.54cm)? 1L

7.V=(12x 11 x 9) =3x10*L
37. V=2 W T X (Aime* To00cme ~ © < 10
T=g(72—32) + 273 =295 K
(0.987 atm)(3 x 10°L)
| HCN = =1x10%; | H* = molHCN =1 x 103
mol HN =565 ky(0.0821 L - atm/mol Ky ~ ' <107 MO Mol HEN =110
1 x 10® mol 5
Vi = GoomonL ~2* 10t
10.00g
39. Mol CHeNsOo = 5o i1 = 004403

12 mol CO; + 6 mol N> + 10 mol H2O + 1 mol O, = 29 mol gas/4 mol C3HsN3Og

(0.3192mol)(796 K)(0.0821 L - atm/mol - K)

=144L
1.45 atm

Ngas = (0.04403)(29/4) = 0.3192 mol;  Vggs =

41. Pco, = % x 735mm Hg = 698 mm Hg; Po, = % x 735mm Hg = 37 mm Hg
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Assume a 100-g sample.

mol CO, = (92 g)(1 mol/44.0g) =2.1;  mol NO = (3.6 g)(1 mol/30.0 g) =0.12

mol SO, = (1.2 g)(1 mol/64.1 g) =0.019;  mol H,O = (4.1 g)(1 mol/18.0 g) = 0.23

total number of moles =2.1 + 0.12+ 0.019+0.23=2.5

Pco, = (2.1/2.5)(752 mm Hg) = 6.3 x102 mm Hg; Pno = (0.12/2.5)(752 mm Hg) = 36 mm Hg
Pso, =(0.23/2.5)(752 mm Hg) = 5.7 mm Hg; Pu,o0 = (0.23/2.5)(752 mm Hg) = 69 mm Hg

(0.986L)(1.00 atm)
(315 K)(0.0821 L - atm/mol - K)

(1.04L)(1.00 atm)
(363 K)(0.0821 L - atm/mol - K)

mol H,O = 0.0381 mol — 0.0349 mol = 0.0032
(0.0032mol)(315K)(0.0821 L - atm/mol - K)

total moles = =0.0381

mol dry air = =0.0349

Ph,0 = 1 00L =0.083 atm = 63 mm Hg

mol He < 280X 1.00 272 o 200x0773 185 . 272 155 4.27
- RT  ~ RT’ - RT " RT’ " RT ° RT ~ RT

P= w =0.949 atm

(2.50 +2.00) L

(@) 2C2H2(g) + 502(g) — 4CO02(g) + 2H20(g)
(7.50L)(1.00 atm)

(498 K)(0.0821L - atm/mol - K)

4 mol CO5 + 2 mol H>O = 6 mol products/2 mol CoH»; mol products = (6/2)(0.183 mol) = 0.549 mol

0.549 mol)(498 K)(0.0821 L - atm/mol - K
Pproducts = ( X )1(0 oL / ) =2.25 atm

(b) mol CoH, = =0.183

(c) Pco, = (4 mol CO,/6 mol products)(2.25 atm) = 1.50 atm; Py,o = 2.25 atm - 1.50 atm = 0.75 atm

(@) Po, =(752-19.8) mm Hg = 732 mm Hg

(732 mmHg x 1atm/760 mm Hg)(0.125L)
295K x 0.0821L - atm/mol - K

(b) mol O, = = 0.00497

(752mmHg x 1 atm/760 mm Hg)(0.125L)

295K x 0.0821L - atm/mol - K =0.00511

(c) total moles =

(@) Py, = (0.0250/28.02) mol (2351 22(3.0821 L - atm/mol - K) —0.173 atm = 131 mm Hg

(e) Piota = Pn, + Pu,o0 + Po, =(732 + 19.8 + 131) mm Hg = 883 mm Hg
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53. (a) molar masses: NO = 30 g/mol; Ar=40g/mol; N, =28g/mol; N>Os =108 g/mol;
N205 < Ar<NO < N>

(b) N2 < NO < Ar < Ny,Osg

ratey,

55.
ratey,

MMy, \ 2 1
- 2 )" = (2.02/28.02)% = 0.2
(MMN) (2.02/28.02)% = 0.268

57. (a) lighter

3
(b) 1.55 = (%&“"') . MM = 18.4 g/mol

59. mol NO = 0.0129 mol x (92.02/30.01)z = 0.0226

3R x 310\ ? 3RT \ 2
61. s, = | —5016 = Uk =\ 3520

Squaring both sides and cancelling 3R; 310/2.016 = 7/352; T =5.41 x 10* K

63. (a) CO (lower boiling) (b) increase T, decrease P
. _ (1.00mol) (298K)(0.0821L - atm/mol - K) _
65. (a) Vigea = 200 atm =0.122L
_ 16.04 g N 5
density ~ 075 < 0122L ~ 1.8 x 10 g/L
(200 atm)(16.04 g/mol)

=1.31 x 102 g/L; density higher than the ideal value

(b) densityiseal = 5581 0.0821 L - atm/mol - K

(755/760) atm x 1.00L

— . _ 6) — —8
399K x 0.0821 L - atm/mol K 0.0405; mol ozone = (0.0405 mol)(0.60/10°) = 2.4 x10

67. mol air =

number of molecules = (2.4 x1078)(6.0 x10%%) = 1.5 x 1016

69. (a) same (b) He (c) He (d) He
_ (1.3atm)(150.0L) 195, _ (1.5atm)(150.0L) 225
71. mol NH3 = RT = RT mol O, = RT = RT
225 4molNO
mol NO from O, = RT mol O, x m = 180/RT
195 1 molNO
mol NO from NH3 = ﬁ mol NH3 X m = 195/RT

Oxygen is the limiting reactant.
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73. Density (d) is directly proportional to molar mass at constant P and 7. Thus d? is inversely proportional

to rate.
ratesC)2 dgas % dgas 448 2

_ ; = (22°) . dge=0572glL
rategas (dsoz 131 = \6.78 gas g

2
= (22%) MMy = 28.0 g/mol
rategas | \ MMso, 64.07 6.78) + MMges = 28.0 g/mo

75. Before reaction: P4, V4, nq, 200 K; After reaction: P4, 2 V4, np, 400 K
P4V, =P1(2V1),
n1(200)  ny(400)’

(b) satisifies the equality

ny =np; moles of gas before reaction = moles of gas after reaction;

77. (@) GT (b) EQ (c) LT (d) GT (e) GT

79. Before: The cylinder has 10 molecules of helium in a confined space, randomly distributed.

(a) After: The space where He molecules are randomly distributed is smaller.
(b) After: The space where He molecules are randomly distributed doubles.

(c) After: The space where He and H, molecules are randomly distributed increases by 50%.
81.(a)PA=PB (b)PA<PB

83. (a) Po =Pg =2.0atm; Pa+Pg=4.0atm
(b), (c) reaction occurs: 8 mol X + 4 mol Y — 4 mol XoY; Flasks contain a total of 4 mol Y and 4 mol X»Y.

each flask contains 2 (0 and 2 (1]
Pp=Pg=(1/2)(2.0 atm) = 1.0 atm; Pa + Pg =2.0 atm

Pressure decreases because number of moles decreases.

85. (a) Tank X contains 7 mol CH,4, 1 mol O,, 3 mol SO, = 11 mol
Tank Y contains 1 mol CH4, 3 mol O,, 4 mol SO, = 8 mol
Tank Z contains 4 mol CHy, 2 mol O,, 1 mol SO, = 7 mol

Pressure highest in Tank X

(b) Tank X: Pgp, =(3/11)P;  Tank Y: Pgo, = (4/8)P;  Tank Z: Pgo, = (1/7)P
Partial pressure of SO, highest in Tank Y.
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(¢) Tank X: 112 g CH4, 32 g O, 192 g SO,
Tank Y: 16 g CHy4, 96 g O, 256 g SO,
Tank Z: 64 g CH,4, 64 g O,, 64 g SO,

Tank Z contains the same mass of each gas.

(d) Tank Y

86. 25.0 mm Hg at 40°C 27.3 mm Hg at 70°C 29.7 mm Hg at 100°C

Values are much lower than observed vapor pressures. In vapor, n increases as well as 7.

3 2 3
3(8.31 x 10 )(288)) M = SB31 X 10°)(288) _ o 2 imol

7.1.12x103m/s =
8 X 10%m/s ( MM (112 x 109)2
He (MM = 4.003 g/mol) and H, (mm = 2.016 g/mol) are not found in the earth’s atmosphere;

Ar (MM = 39.95 g/mol) is.

88. distance for NHz/distance for HCI = (MMyc/MMyy,)? = (36.46/17.03)2 = 1.463
(1.000 + 1.463)dyc = 5.0 ft; dyg =2.0ft; 3.0 ft from NH3 end
L-atm 1K

89.1.8°R=K: R =0.0821 mol - K X 18R" 0.0456 L-atm/mol-°R

(755/760) atm x 0.147 L
(298 K)(0.0821 L - atm/mol - K)

3x/2  0.2500 —x_

90. mol H, = =597 x 1073

Let x = mass Al; 0.00597 = 698 T 6539  *° 0.0533 g
0.197
mass Zn = 2.500 - 0.0533=0.197g; % Zn= 0250 x 100% = 78.8%

(758/760) atm x V x 29.0 g/mol
(295K)(0.0821L - atm/mol - K)

(758/760) atm x V x 2.016 g/mol
(295K)(0.0821L - atm/mol - K)

91. mass air = =1.19V; mass H, = =0.0830V

1.19 V= (1.68 x10°%) +0.08V; V=151 x10°L = 151 m3
151 m3 =47r3%/3; r=3.30m; diameter=2(3.30 m)=6.60 m

92. Py = Py x % x %; ny=3.00mol; 7 =(1.76 + 0.12 + 0.24)mol = 2.12 mol
1 1
398 212

98. Va = ngRTIP; Viet = niotRTIP;  ValV = nalniot = Xa

nalniot # Malniier because molar masses differ.



